A modular arrangement of neuronal processes in human cortex: disruption with aging and in Alzheimer's disease.
Studies were undertaken to assess whether or not neuron-specific immunostaining of the human brain can reveal unique cytoarchitectural features that may be affected by healthy aging and Alzheimer's disease (AD). Human prefrontal cortex (PFC) and anterior cingulate cortex (ACC) were stained with an antibody raised against the neurofilament protein 200,000 molecular weight subunit (NFP-200) using an avidin-biotin immunolocalization procedure. Immunostaining of cortex was neuron-specific and highlighted axons in particular. This staining has revealed an orderly arrangement of horizontal and vertical axon bundles which form latticelike compartments or modules throughout most of the matrix of the two cortical areas studied. The ACC shows this pattern to be intact in individuals through the ninth decade, while the PFC there was blurring of the modularity beyond the fifth decade. Irrespective of the age-related blurring of the latticelike arrangement of axons in PFC, neurologically normal elderly individuals nevertheless showed a highly organized appearance to the cortical matrix. By contrast, patients with AD showed a marked disruption of the modular arrangement of fibers in PFC, but not ACC. Differences between PFC fibers in controls and AD patients were also demonstrated with an axon-specific monoclonal antibody that reacted with phosphorylated epitopes of the NFP-200. The chaotic appearance of fiber staining in PFC seen in patients with AD was noted to be present in one subject who died in an early stage of the disease. The possible significance of this previously unknown aspect of cortical cytoarchitecture for normal cognitive functioning in humans is discussed.